Preprint
UCRL-JC-147965

On the Development of
MMCS Containing Copper
with Silicon Carbide
Reinforcement Using
Nanomaterials and
Dynamic Compaction

V. A. Popov, D. R. Lesuer, I. A. Kotov, V. V. fvanov, O. M.
Smirnov, A. V. Marmulev, S. V. Zayats, I. Beketov

-5 Department of Energy  This article was submitted to

9" International Conference on Composites Engineering, ICCE/9,
San Diego, CA., July 1-6, 2002

\ Eb April 10, 2002

Approved for public release; further dissemination unlimited



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or the University of California, and
shall not be used for advertising or product endorsement purposes.

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be
made before publication, this preprint is made available with the understanding that it will not be cited
or reproduced without the permission of the author.

This work was performed under the auspices of the United States Department of Energy by the
University of California, Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.

This report has been reproduced directly from the best available copy.
Available electronically at http:/ /www.doc.gov /bridge

Available for a processing fee to U.S. Department of Energy
And its contractors in paper from
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831-0062
Telephone: (865) 576-8401
Facsimile: (865) 576-5728

E-mail: reports@adonis.osti.gov

Available for the sale to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone: (800) 553-6847
Facsimile: {703) 605-6300

E-mail: orders@ntis.fedworld.gov
Online ordering: http:/ /www.ntis.gov/ordering htm

OR

Lawrence Livermore National Laboratory
Technical Information Department’s Digital Library
http:/ /www lInl.gov/tid /Library.html


http://orders&tis.fedworld.gov

ON THE DEVELOPMENT OF MMCS CONTAINING COPPER WITH
SILICON CARBIDE REINFORCEMENT USING NANOMATERIALS AND
DYNAMIC COMPACTION*

Dr. Vladimir A. Popov”, Dr. Donald R. Lesuer?, Prof. Iouri A. Kotov®, Prof. Viktor V. Ivanov”,
Prof. Oleg M. Smirnov", Mr. Artem V. Marmulev", Mr. Sergej V. Zayats”, Dr. Igor V.Beketov®

Y Moscow State Institute of Steel and Alloys, Moscow, Russia, 2 Lawrence Livermore National Laboratory, Livermore,

CA, USA, 3 Institute of Electrophysics, Ekaterinburg, Russia
® work performed under the auspices of the US Department of Energy by the Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48

Introduction. Metal matrix composites (MMCs) are
promising engineering materials for a wide spectrum
of applications. There are many possible matrix-
reinforcement combinations including MMCs
containing copper or copper alloy matrices [1-3].
The present study is concerned with copper
reinforced with SiC particles. The materials studied
here were processed from nano-scale matrix

powders and consolidated using dynamic
compaction.

Materials and processing. Pure copper nano-powder
with an average particle size of 70 nm and silicon
carbide powder with an average particle size of 10
pum were used in this investigation. The copper
nano-powders were produced using the exploding
wire technique [4]. Previous work has shown that
cohesion between the nano-scale matrix and the
reinforcement increases with decreasing particle
size. Before mixing with silicon carbide, the nano-
powders were agitated using ultrasonic vibration to
help break up any powder agglomerations. These
powders were then blended with SiC powder and
stirred in hexane with simultaneous ultrasonic
vibration. The hexane environment prevented
oxidation of the copper powders. After stirring, the
powders were settled out of the hexane and residual
hexane was then removed using a vacuum. This
mixture was then dynamically compacted using a
magnetic impulse technique. Samples 15 mm in
diameter and 15 — 20 mm high were obtained. The
resulting microstructure and the evolution of
microstructure during processing was then studied

using optical, scanning, and transmission electron
microscopy.

Influence of processing variables. Microstructural
evaluation of material after each processing stage
has shown the importance of processing procedure
on obtaining high quality material. Nano-powders
tend to agglomerate. The ultrasonic agitation step
before and during mixing is necessary to break-up
these powder agglomerations. Agitation time is a
critical variable for obtaining a homogeneous

distribution of reinforcing particles with the
absence of denuded zones - matrix regions that
do not contain silicon carbide particles.
Inadequate agitation time results in the formation
of these denuded zones (Fig. 1).
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Fig. 1. Microstructure of the Cu-SiC composite
showing a zone that is devoid of silicon carbide
particles. The de-nuded zone formed in the nano-
powder copper matrix because of inadequate
ultrasonic agitation time.

Using the processing procedures described
above, uniform distribution of reinforcement
particles within the Cu matrix can be obtained
with the absence of defects. (Fig, 2).

particles within the copper matrix.



Microstructural _evaluation. Microstructural
examinations of the as-processed MMCs using
TEM, SEM and optical microscopy showed dense
compaction without any defects such as pores,
cavities or impurities. In addition, TEM
examination showed that well-defined interfaces
between the copper matrix and silicon carbide
particles were obtained (Fig. 3a and b). The
interfaces did not show any deleterious phases or
reaction products.
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Fig. 3. Interface region between Cu matrix and SiC
reinforcement showing dense contact between Cu matrix
and reinforcement particles without any defects.

Analysis of cross-sectional surfaces of the MMC
showed a homogeneous distribution of SiC particles
within the Cu matrix. The magnetic impulse
technique produced dynamic compaction of the
initially spherical Cu powders into a matrix in which
individual particles did not loose their identity.
Minimal grain growth was observed during dynamic
compaction. As a result, the Cu matrix had a grain
size of 100 — 500 nm (Figs. 4a and b).

(b)
Fig. 4. Ttransmission electron microscope
micrograph showing structure of the copper matrix —
low magnification (a), high magnification (b).

This investigation has shown the possibility of
manufacturing MMCs using nano-scale Cu
powders with silicon carbide particle
reinforcement. The powders can be dynamically
compacted using a magnetic impulse technique
to produce a matrix with nano-scale grain sizes.
Because of the fine grain size of the Cu matrix
and the dense, defect-free microstructures
produced, these MMCs are expected to have
excellent properties.
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